Background: To assess the efficacy and durability of percutaneous posterior tibial nerve stimulation for the treatment of the overactive bladder in children.
Background
Overactive bladder (OAB) symptoms (urgency, frequency, nocturia, and urge incontinence) are frequent complaints in urology clinics. The cause of detrusor overactivity (DO) in most cases is idiopathic. Sleep disturbance and psychological distress also affect those patients [1] .
There are a variety of treatment options available for the treatment of OAB. The mainstay of treatment currently is the use of anticholinergic drugs. Many patients find these dugs effective; however, they suffer from its side effects [2] . Second-line treatment options include the use of intravesical botulinium toxin, sacral nerve stimulation, and percutaneous posterior tibial nerve stimulation [3] .
Percutaneous posterior tibial nerve stimulation (PTNS) is a technique that was developed a long time ago, but it does not appear to have become widely adopted into clinical practice. It is currently gaining much interest with improved equipment and marketing. Urgent PC ® represents an improved neuromodulation technique that is minimally invasive and easy to perform. Stimulation is carried out through a percutaneously placed needle in 12 weekly sessions of 30 min each [4] .
It seems reasonable to consider PTNS when conservative and non-surgical treatment options are being encouraged for the management. Knowledge of how PTNS work came from studying sacral nerve stimulation. However, the exact mechanism of action is still not understood. There may be different modes of action in different clinical conditions. Some may involve the gate theory, by restoring control at the spinal segment gate as well as some supraspinal sites. Others may involve restoration both centrally and peripherally of the balance between inhibitory and excitatory control systems [5] .
Limited side effects of PTNS are present related to discomfort at the insertion site of the needle. The need for maintenance treatment after the initial 12 weeks course
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We aim in this study to assess the efficacy and durability of PTNS for the treatment of the overactive bladder in children.
Methods
This prospective non-randomized case series was done between January 2016 and January 2018. Twenty patients with frequency, urgency, nocturia, and urge incontinence were included in this study. Patients with urinary tract infection (UTI), upper tract affection, infravesical obstruction (posterior urethral valve), or neurological diseases were excluded from this study.
All patients were subjected to full history taking including urological symptoms (frequency, urgency, nocturia, and urge incontinence), medical history including drugs as anticholinergic, and previous pelvic or urological procedure. The bladder diary was recorded including frequency, nocturia, number of leakage episodes (urge incontinence), and nocturnal enuresis. Complete physical examination including neurological assessment of perianal sensation and patient gait was performed. Laboratory investigations in the form of renal function tests (urea and creatinine), urine analysis, and urine culture and sensitivity are carried out if needed.
Radiological investigations were done in the form of abdomino-pelvic ultrasound: ascending and micturating cystourethrogram. Urodynamic evaluation reporting bladder capacity, compliance, sensations, presence of detrusor overactivity, leakage, urine flow, and residual urine was done.
Patients were subjected to PTNS. Patients should experience a tolerable but not painful sensation particularly in the region of the large toe. If the large toe does not curl or there is pain at the insertion site, the stimulation device should be switched off and the needle should be repositioned.
All patients were asked to evacuate their bladder before starting the treatment session to ensure that they are relaxed and comfortable during session. After hand washing, sterile disposable gloves are worn before starting the session. The area surrounding the medial malleolus is cleaned by using sterilizing solution.
The patient sits comfortably with a needle electrode inserted into the lower inner aspect of the leg slightly cephalic to the medial malleolus after leg elevation.
A surface electrode (grounding pad) is placed over the medial aspect of the calcaneus on the same leg. An external pulse generator which delivers an adjustable electrical pulse that travels to the sacral plexus via the tibial nerve is then connected to the needle electrode. Regulation of the bladder and pelvic floor function are among other functions of the sacral nerve plexus. There is often an involuntary toe flex or an extension of the entire foot with correct placement of the needle electrode. However, for some patients, the correct placement and stimulation may only result in a mild sensation in the ankle area or across the sole of the foot. The treatment protocol requires 12 sessions for 12 weeks, 30 min per each.
Patients with symptom improvements after initial 12 treatments may choose to continue treatment at individually based greater intervals for sustained relief OAB symptoms and fear of relapse. Follow-up is done after 3 months by urodynamic test and evaluation of symptomatic improvement.
Subjective success is defined as the patients' positive response resulting in the request for continuing treatment for sustained relief OAB symptoms. Objective response was based on bladder diary and urodynamic parameters. Objective success was defined as 50% reduction in symptoms, statistically significant improvement in urodynamic parameters.
Numerical data were statistically described in terms of mean ± standard deviation (± SD) and range, while categorical data were described using frequencies (number of cases) and percentages. All statistical calculations were done using computer program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) release 15 for Microsoft Windows.
Results
Twenty patients were complaining of OAB symptoms (urgency, frequency, nocturia, nocturnal enuresis, and urge incontinence). Patient demographics are listed in Table 1 .
Subjective success was found in twelve patients (60%) considered their situation better and requested to continue therapy to maintain the response which was considered as a therapeutic success, while eight patients (40%) did not choose to continue therapy because they did not have symptomatic improvement. As regards the objective success, 12 patients out of 20 (60%) showed improvement in their daytime frequency. Eleven patients out of 20 (55.0%) showed improvement in their urgency. Ten out of 16 patients (63.0%) had Mean ± SD age in years 7 ± 3.3 years nocturnal enuresis showed improvement in their nocturnal enuresis. Eight out of 15 patients (53.0%) had urge incontinence showed improvement in their incontinence. Average incontinence episodes varied from 5 to 10 times. Symptomatic evaluation is listed in Table 2 . Evaluation of urodynamic parameters before and after PTNS includes detrusor overactivities, bladder capacity, and bladder compliance. All the patients were suffering from involuntary detrusor contractions. Seven of them had high-amplitude detrusor contractions (> 40 cm H 2 O), while 13 had low amplitude detrusor contractions. Three out of seven patients (42.8%) with high amplitude had their involuntary contractions disappear, two patients had low amplitude, and two still have high-amplitude detrusor contractions. Eleven out of 13 (84.6%) patients with low amplitude had their contractions disappear.
Overall improvement, 14 out of 20 (70%) had their contractions disappeared while six (30%) still have involuntary detrusor contractions. Overall improvement in bladder over activity is listed in Table 3 .
There was a highly significant difference between bladder capacities before and after taking the sessions (p = 0.001). The bladder capacities were 184.5 ± 59.14 versus 259.5 ± 77.22 for the before and after sessions, respectively.
Eighteen patients had hypocompliant bladder, seven patients mild hypocompliant bladder, five patients moderate hypocompliant bladder, and six patients severe hypocompliant bladder. Four out of seven patients (57.1%) with mild hypocompliance showed improvement in their compliance. One out of five (20%) patients with moderate hypocompliance showed improvement.
However, patient with severe hypocompliance did not improve. No adverse side effects were noted during PTNS except transient pain at the site of needle insertion.
Discussion
Overactive bladder is a common condition that has an impact on physical, psychological, and social well-being of the patients [7] . The cause of their symptoms is related to DO which may be idiopathic with no obvious underlying neurological abnormality in most cases [8] .
The first line of treatment for overactive bladder is anticholinergic therapy but it is limited by side effects. Another modality of treatment is neuromodulation which is an effective treatment [9] .
Posterior tibial nerve is a mixed nerve containing sensory and motor nerve fibers [10] . PTNS is one of the least invasive forms of neurostimulation, since posterior tibial nerve shares the sacral roots with bladder afferent [11] .
In our study, patients were chosen to have symptoms of overactive bladder (frequency, urgency, nocturnal enuresis, and urge incontinence) with no underlying neurological deficit, no urinary tract infection or upper tract affection.
We used weekly PTNS for 12 weeks that lasts for 30 min in each session. The protocol we used was different from the study done by Van der Pal [6] in which participants received PTNS three times a week for 4 weeks. It was also different from Van Balken [12] in which there is maintenance of therapy, and the necessity of maintenance therapy was evaluated by means of a 6-week pause of therapy in successfully treated patients, leading to over 50% worsening of main symptoms.
Restarting PTNS afterward improved complaints to the level present before stopping. Capitanucci et al. [13] reported that repeating PTNS cycles and eventually using chronic monthly stimulation are necessary to maintain results.
Remarkable clinical results were obtained in 60% of our patients who reported a significant subjective success which was comparable to Vandoninck et al. [10] who reported that the subjective response was 64% (58/90). In another study by Van Balken et al. [12] , the subjective response was 55% (defined as a patient request for continuous chronic treatment to maintain the response).
Hoebeke et al. [4] reported improvement in daytime frequency in 16 out of 19 (84%), urgency in 17 out of 28 (61%), and daytime incontinence in 16 out of 23 (70%). In the De Gennaro et al. [14] study, the improvement in nocturnal enuresis in five out of eight patients, daytime frequency urgency in five out of 10 patients, and incontinence in five out of eight patients was comparable to our results. Objective success in our study was defined as 50% reduction in symptoms, statistically significant improvement in urodynamic parameters as in Van Balken et al. [12] , while Vandoninck et al. [10] reported that objective response was defined as reduction in number of urinary leakage episodes of 50% or more per 24 h.
In comparison with De Gennaro et al. [14] , urodynamic showed normalization of cystometric bladder capacity in 62.5% with no more unstable contractions in those who became continent and urodynamics showed an improved detrusor pressure at maximum flow (p = 0.009). In another study done by Hoebeke et al. [4] , mean bladder capacity increased from 185.16 to 279.19 ml, and there was statistically significant increase in bladder capacity (p 0.001).
In our study, no serious side effects were observed except for transient pain at the site of needle insertion that was the same as Capitanucci et al. [13] study which reported that no significant side effect was observed, while in the study of Hoebeke et al. [4] , it was reported that only one of 32 children discontinued treatment because of needle fear, and another study done by Van der Pal [6] reported some bleeding or pain at insertion site and numbness sole of foot.
Follow-up was done after 3 months in the form of symptomatic evaluation using bladder diary and urodynamic test that was different from Capitanucci et al. [13] study in which follow-up is extended up to 2 years in the form of bladder diary and urine analysis and also different from Congregrado Ruiz [15] , in which followup is done after 21 months while Van der Pal [6] study in which follow-up is done after 1 month.
A weak point in our study is that we had relative a smaller number of patients compared to other studies as in a study by Hoebeke et al. [4] , which include 32 patients (17 boys, 15 girls) and in Capitanucci et al. [13] which include 44 children (25 female, 19 male), but we were among few studies that treat pediatric age group as a study by Doyle et al. [16] which included only eight children which also showed that PTNS is safe and well tolerated to children that had failed previous standard treatments for overactive bladder with minimal side effects as difficulties in maintaining weekly treatment schedule and these results are in agreement with our study.
Conclusion
PTNS is an effective, minimally invasive method for treatment and is easily applied induce improvement in overactive bladder symptoms and objective urodynamic changes with negligible side effects.
Abbreviations OAB: overactive bladder; DO: detrusor overactivity; PTNS: percutaneous posterior tibial nerve stimulation; UTI: urinary tract infection; CBC: complete blood count; SD: standard deviation.
